Mesocellular foams (MCFs) silica was successfully synthesized using hydrothermal method. The mesoporous material was characterized by X-ray diffraction, infrared spectroscopy, low temperature nitrogen adsorption-desorption, scanning electron microscopy, transmission electron microscopy. The low temperature nitrogen adsorption-desorption results showed that the synthesized MCFs has a diameter of 12 nm. Transmission electron microscopy revealed that the MCFs synthesized had a good honeycomb structure aperture and is conducive to the adsorption of dye macromolecule. This paper carried out the study on the adsorption of eosin Y by MCFs. The adsorption conditions of eosin Y by MCFs were optimized and the optimum adsorption conditions obtained were: MCFs:(eosin Y) = 250:1, pH 2.0, contact time 10 min at a room temperature of 22 ± 1 °C. Under the conditions, the adsorption effect was the best, the adsorption rate reached 97.95% and the adsorption capacity reached 3.96 mg/g. The research results of adsorption kinetics for the adsorption system displayed that the adsorption is the pseudo-second-order adsorption. The research results of adsorption thermodynamics showed that △G 0 < 0, ΔH 0 = − 40.08 kJ/ mol, ΔS 0 = − 51.11 J/(mol K), and the adsorption is an exothermic, spontaneous and entropy reduction reaction process. This adsorption conforms to the isothermal adsorption equation of Langmuir, belonging to a single molecular layer adsorption. All the linear correlation coefficients of the Langmuir isotherm equations fitting (R 2 ) were greater than 0.999.
Introduction
With the progress of mankind, the textile industry has been booming. However, at the same time, the textile industry has also generated a large number of sewage, especially printing and dyeing wastewater. If large amount of this kind of the wastewater that is not effectively treated go into rivers and lakes, this will cause serious pollution to the water body and may result in dye poisoning of the biology inside water body and result in abnormal color, and can reduce the sunlight that goes into water body thus photosynthesis is reduced [1, 2] . Therefore, the treatment of this kind of wastewater has an important significance. Wastewater discharge has the characteristics of large amount of sewage, high content of organic pollutants, deep color, high alkalinity and frequent change of water quality, etc. Therefore, it has become a difficult problem to govern industrial wastewater. Many dyes have carcinogenic, teratogenic, mutagenic, "Three "give rise to" role. Although their contents in water are low, they eventually enter the human body through the food chain, threatening human health [2] . Traditional treatment methods of wastewater have physicochemical, chemical, physical adsorption, biochemical, electrochemical methods and other [3, 4] . Adsorption method as a simple and effective method has always been paid attention to. Activated carbon adsorption is a method used earlier. Activated carbon has developed pore structure, large specific surface area, is a commonly used adsorbent in the conventional treatment of water. However, its regeneration is comparatively difficult, the cost of processing is high, so the range of application is narrow. In general, it can be used for lower concentration dye 1 3 wastewater treatment or advanced treatment. Nanostructured materials have large specific surface area, having strong adsorption capacity compared with conventional materials. For the adsorption of eosin yellow by graphene oxide nanosheets [5] , the adsorption of eriochrome by functionalized mesoporous nanostructured carbon [6] , the adsorption of crystal violet, eosin yellow and sunset yellow by palladium decorated on m-aminophenolformaldehyde derived porous carbon spheres [7] , the research results showed that these materials have certain adsorption capacity for some dyes. However, the adsorption capacity still needs to be further improved.
Mesoporous material is a kind of new material that currently has a wide applied foreground. They have a potential use in such as separation and purification, biological materials, chemical synthesis and conversion, catalyst, semiconductor, computer, sensors, super lightweight structural materials and many other fields [8] [9] [10] . The specific surface area of a mesoporous material is high, pore is more, but the relative density is lower, the performance of adsorption is good and the quality is light, the permeability is quite good. The mesoporous materials have an extensive role in separation and adsorption and other applications filed [11, 12] . Mesocellular foam silica (MCFs), is a kind of 3D mesoporous structure and large pore mesoporous silica [13, 14] . This structure is a novel structure of honeycomb mesoporous foam and the spherical chamber is connected into the three-dimensional pore structure by uniform window. The mesoporous size of MCFs is larger and the pore distribution is very narrow. The material is believed to be the mesoporous material whose pore size is the largest. MCFs is a new type of mesoporous silica based mesoporous material with super large mesopores and three-dimensional thermal stability. Compared with the ordered mesoporous materials such as SBA-15 and MCM-41, MCFs exhibits a disordered mesoporous morphology. Between the unit cell, through window the connection is made and the structure is similar to the aerogel structure. The mesoporous size of MCFs is larger and the pore distribution is very narrow. The pore wall of mesopores is thinner and is about between 2.5 and 4.0 nm. It is a very good immobilization material, because the large pore size that it has can provide enough space for the immobilized molecules, while the open three-dimensional large pore system is also conducive to the transmission of the material. In addition, MCFs has the advantages of easy synthesis, regular pore structure, adjustable pore size, good thermal stability and big specific surface area, so it is a very good immobilization carrier [15, 16] . The chemical structure of eosin Y is shown in Fig. 1 . It is an organic pollutant of printing and dyeing wastewater and has carcinogenic function. In this article, the removal of eosin Y from water by MCFs adsorption method was studied. The method has the advantages of low instrumentation cost, simple operation and no second pollution. Compared with activated carbon adsorbent [16] , the method has the advantages of operation simplicity and experimental consumption low price, etc.
Experimental

Reagent
Eosin Y came from Tianjin Huadong Reagent Factory, China. Tri-block copolymer poly(ethylene glycol)-blockpoly(propylene glycol)-block-poly(ethylene glycol) (Pluronic 123, P123, EO 20 -PO 20 -EO 20 ) with the average molecular weight of 5800, was bought from Aldrich. Tetraethylorthosilicate (TEOS) was purchased from Shanghai Reagent First Factory, China. Hydrochloric acid was produced in Beijing Chemical Plant, China. 1,3,5-Trimethylbenzene (TMB) came from Xiya Reagent Company, China. Phosphoric acid, acetic acid, sodium hydroxide was bought from Beijing Chemical Plant, China. All the reagents were analytically pure and the water used was deionized water.
Instrument
A 721 type spectrophotometer (Shandong Gaomi Rainbow Analytical Instrument Co., Ltd., China) was used to determine the content of eosin Y. Powder X-ray diffraction (XRD) was determined in D5005 type X-ray diffractometer (Siemens Company, Germany) with Cu-Kα target, λ = 1.540560 Å, operated voltage (tube voltage) of 50 kV, operating current (tube current) of 150 mA. 2θ value was from 0° to 10°, the step length was 0.02° (small angle XRD) or 2θ value was from 10° to 90° with the step length of 0.2° (wide-angle XRD). Scanning electron microscopy (SEM) images were measured on a Philips XL30 type field emission scanning electron microscope to observe the particle morphology and size of sample. The sample was prepared by ethanol, and the sample was dropped on the slide glass to conduct the conductive layer. The operating voltage was 20 kV. Transmission electron microscopy (TEM) photos were obtained on an FEI Tecnai G2 F20-type field emission transmission electron microscope with 200 kV as the working voltage condition, used to observe the structure morphology of sample. For low temperature N 2 adsorption-desorption, the specific surface area, pore volume and pore size distribution of sample were determined on ASAP 2020 V3.01 H-type adsorption analyzer of the American Micromeritics Company under 77 K liquid nitrogen condition. The sample was activated at 363 K in vacuum for 12 h. The data were calculated according to Broekhoff and de Boer (Bdb) method [17] , and the specific surface area was determined by Brunner-Emmett-Teller (BET) method [18] . The pore size distribution was analyzed by Barrett-Joyner-Halenda (BJH) method [19] . The corresponding data involved in the calculation of the parameters were obtained from the adsorption branches of the nitrogen adsorption-desorption isotherms of each sample prepared by the experiment.
Experimental method
Preparation of MCFs mesoporous material 2 g of tri-block copolymer (P123) was dissolved in 15 g of deionized water and 60 g of 2 mol/l hydrochloric acid solution during magnetic stirring, until complete dissolution. 4.25 g of TEOS was slowly added in the solution with magnetic stirring at 40 °C, forming a homogeneous solution. Then, 1.5 g of 1,3,5-TMB (TMB/P123 = 0.75, w/w) was slowly dropped; meanwhile, the temperature of the mixed solution was maintained at 40 °C with continuous stirring for 24 h. The above mixed substance was put into an autoclave with Teflon lining and placed in a baking oven. The mixed substance was crystallized at 100 °C for 48 h. After crystallization, the production was taken out and cooled at room temperature. The resulting product was filtered, washed for several times with deionized water, and dried at room temperature. The above-stated product was placed into a porcelain crucible and put in a muffle furnace. The sample was calcined at 550 °C for 6 h. After removal of the tri-block copolymer template, MCFs white powder was obtained [13, 14] .
Working curve for the determination of eosin Y 0, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, 14.0, 16.0, 18.0, 20.0 μg/ml eosin Y standard solutions were transferred, respectively, and the absorbance A of eosin Y solution was measured with 1 cm cells at the maximum absorption wavelength of 520 nm with distilled water as reference. The standard working curve of eosin Y was plotted by drawing the absorbance against the concentration of eosin Y solution, and the linear regression equation for the determination of eosin Y was calculated according to the experimental data. The linear range of the work curve for the determination of eosin Y by this method is 0-20 µg/ml, the linear regression equation is A = 0.0977C, where A is absorbance, C is eosin Y concentration (µg/ml). The linear correlation coefficient of method is R = 0.9995 and the linearity is good.
Adsorption of eosin Y by MCFs
5 ml of the standard working solution of the eosin Y of concentration 16 µg/ml (The experiment of condition: 2, 4, 6, 8, 12, 16, 24, 32 µg/ml) was placed in a 50 ml beaker, 5 ml of pH 2.0 tri-acid (phosphoric acid, acetic acid, boric acid)sodium hydroxide buffer solution was added (the experimental variables of condition: pH 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0). Then, 0.020 g of MCFs molecular sieve (0.010, 0.020, 0.030, 0.040 and 0.050 g) were accurately weighed and added into the above-stated beaker. It was stirred on a magnetic stirring apparatus at room temperature (22 ± 1) °C (22, 30, 35, 40 ± 1 °C) for 10 min. The suspension inside the beaker was poured into a centrifuge tube and centrifuged for 10 min (1, 2, 5, 8, 10, 12, 15, 20, 30, 40, 50 min) at 6000 r/min. The supernatant was taken for measuring its absorbance by spectrophotometry, and the adsorption rate and adsorption capacity were calculated.
The adsorption amount of eosin Y at adsorption equilibrium and the amount of adsorption at time t was determined by the following formula:
Here, C 0 and C e (mg/l) are liquid phase concentration of eosin Y at the initial and equilibrium time, q e (mg/g) is the equilibrium adsorption amount, V (l) is the volume of solution, m (g) is the amount of adsorbent:
Here, C 0 (mg/l) and C t (mg/l) are the concentration of eosin Y at the initial time and at the time of t (min), respectively, q t (mg/g) is the adsorption amount at time t (min), V (l) is the volume of the solution, m (g) is the amount of adsorbent.
Effect of experimental condition on adsorption
In this study, the effects of initial solution pH, adsorbent MCFs dosage, the initial concentration of eosin Y, contact time, temperature and ionic strength on the adsorption of eosin Y by MCFs were investigated. The optimum adsorption conditions were obtained.
1. Influence of pH value 5 ml of the standard working solution of the eosin Y of the concentration 16 µg/ml (the experimental variables of condition: 2, 4, 6, 8, 12, 16, 24, 32 µg/ml) was placed in a 50 ml beaker. Hydrogen chloride (1:1, v/v) were used or 5 ml of tri-acid (phosphoric acid, acetic acid, boric acid)sodium hydroxide buffer solution were taken to adjust the required pH (1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0). The volume of final solution was controlled to be at 10 ml. Then, 0.020 g of MCFs molecular sieve were accurately weighed and added into the above-stated beaker. It was stirred on a magnetic stirring apparatus at room temperature (22 ± 1) °C for 10 min. The suspension inside the beaker was poured into centrifuge tube and centrifuged for 10 min at 6000 r/ min. The supernatant was taken for measuring its absorbance by spectrophotometry, and the adsorption rate and adsorption capacity of the dye were calculated. pH-adsorption rate curve and pH-adsorption capacity curve were drawn, and the optimum pH value of adsorption was obtained.
Influence of adsorbent dosage
A total of five portions of 5 ml of the standard working solution of the eosin Y of the concentration 16 µg/ml were, respectively, placed in 5 of 50 ml beaker. 5 ml of pH 2.0 tri-acid (phosphoric acid, acetic acid, boric acid)-sodium hydroxide buffer solution were added, respectively. Then, 0.010, 0.020, 0.030, 0.040 and 0.050 g of MCFs molecular sieve were, respectively, weighed and added into the abovestated beakers. It was stirred on a magnetic stirring apparatus at room temperature (22 ± 1) °C for 10 min. The suspension inside the beaker was poured into centrifuge tube and centrifuged for 10 min at 6000 r/min. The supernatant was taken for measuring its absorbance by spectrophotometry, and the adsorption rate and adsorption capacity of the dye were calculated. Adsorbent dosage-adsorption rate curve and adsorbent dosage-adsorption capacity curve were drawn, and the optimum amount of adsorbent was obtained.
Influence of eosin Y concentration
A total of eight portions of 5 ml of the standard working solution of the eosin Y of the concentrations 2, 4, 6, 8, 12, 16, 24, 32 µg/ml were, respectively, placed in 50 ml beakers. 5 ml of pH 2.0 tri-acid (phosphoric acid, acetic acid, boric acid)-sodium hydroxide buffer solution were added foe each. Then, 0.020 g of MCFs molecular sieve were, respectively, accurately weighed and added into the above-stated beakers. They were stirred on a magnetic stirring apparatus at room temperature (22 ± 1) °C for 10 min. The suspensions inside the beaker were poured into centrifuge tubes and centrifuged for 10 min at 6000 r/min. The supernatants were taken for measuring their absorbances by spectrophotometry, and the adsorption rate and adsorption capacity of the dye were calculated. Eosin Y concentration-adsorption rate curve and eosin Y concentration-adsorption capacity curve were drawn, and the optimum eosin Y initial concentration for adsorption and its effect result was obtained.
Influence of contact time
A total of eleven portions of 5 ml of the standard working solution of the eosin Y of the concentrations 16 µg/ml were, respectively, placed in 50 ml beakers. 5 ml of pH 2.0 tri-acid (phosphoric acid, acetic acid, boric acid)-sodium hydroxide buffer solution were added foe each. Then, 0.020 g of MCFs molecular sieve were accurately weighed and added into the above-stated beakers. They were stirred on a magnetic stirring apparatus at room temperature (22 ± 1) °C for 1, 2, 5, 8, 10, 12, 15, 20, 30, 40, 50 min. The suspensions inside the beaker were poured into centrifuge tubes and centrifuged for 10 min at 6000 r/min. The supernatants were taken for measuring their absorbance by spectrophotometry, and the adsorption rate and adsorption capacity of the dye were calculated. The contact time-adsorption rate curve and the contact time-adsorption capacity curve were drawn and the optimum contact time and its influence results were obtained.
Influence of temperature
A total of seven portions of 5 ml of the standard working solution of the eosin Y of the concentrations 16 µg/ml were, respectively, placed in 50 ml beakers. 5 ml of pH 2.0 tri-acid (phosphoric acid, acetic acid, boric acid)-sodium hydroxide buffer solution were added for each. Then, 0.020 g of MCFs molecular sieve were accurately weighed and added into the above-stated beakers. They were stirred on a magnetic stirring apparatus at temperature 4, 22, 30, 35, 40 ± 1 °C for 10 min. The suspensions inside the beaker were poured into centrifuge tubes and centrifuged for 10 min at 6000 r/min. The supernatants were taken for measuring their absorbance by spectrophotometry, and the adsorption rate and adsorption capacity of the dye were calculated. The temperature -adsorption rate curve and the temperature -adsorption capacity curve were drawn and the optimum temperature and its influence results were obtained.
Influence of ionic strength
A total of three portions of 5 ml of the standard working solution of the eosin Y of the concentrations 16 µg/ml were, respectively, placed in 50 ml beakers. 5 ml of pH 2.0 tri-acid (phosphoric acid, acetic acid, boric acid)sodium hydroxide buffer solution were added for each.
Appropriate amount of sodium chloride was added to adjust the ionic strength of system to make the concentration of final sodium chloride to be 0.01, 0.1, 1 mol/l. Then, 0.020 g of MCFs mesoporous material were accurately weighed and added into the above-stated beakers. They were stirred on a magnetic stirring apparatus at room temperature 22 ± 1 °C for 10 min. The suspensions inside the beaker were poured into centrifuge tubes and centrifuged for 10 min at 6000 r/min. The supernatants were taken for measuring their absorbance by spectrophotometry, and the adsorption rate and adsorption capacity of the dye were calculated. The concentration of sodium chloride-adsorption rate curve and the sodium chloride concentration-adsorption capacity curve were drawn and the effect results of ionic strength on this adsorption were obtained.
Experiment of adsorption isotherm
When pH value was 2, 0.0200 g of MCFs were added to 5 ml of the initial concentrations of 4, 8, 12, 16 and 20 μg/ ml eosin Y solution. At 25, 35 and 45 °C three kinds of temperature, according to adsorption method of eosin Y by MCFs, stirring and adsorption were made to reach balance. The equilibrium concentration of eosin Y, C e , and equilibrium adsorption amount q e were calculated and then data were fitted using Langmuir and Freundlich isothermal adsorption equations.
All of the above experimental results are the average of the results of the three parallel experiments.
Results and discussion
Characterization of adsorbent MCFs
The power X-ray diffraction results of the prepared MCFs sample showed three characteristic diffraction peaks (Fig. 2) , which are (100), (110) and (200) crystal face diffraction peaks [13] , indicating that the MCFs molecular sieve was successfully prepared. Scanning electron microscopy (SEM) results showed (Fig. 3 ) that the MCFs adsorbent sample mainly presented bundled fiber-like structure particles with an average diameter of 2.2 μm. Figure 4 shows the transmission electron microscopic image of the MCFs, and MCFs has an orderly honeycomb channels, which indicates that the MCFs with pore uniform order was prepared and MCFs pore size is about 12 nm. The 77 K nitrogen gas adsorption-desorption image and the pore size distribution of MCFs is shown in Fig. 5 . Its nitrogen gas adsorption-desorption curve showed a very large hysteresis, the characteristic of mesoporous material is presented and the adsorption isotherm belongs to type II. There is no obvious boundary between MCFs monolayer adsorption and multilayer adsorption. The adsorption in low-pressure region is the same as that of mesoporous material, but no capillary condensation occurs. There is no obvious jump at moderate pressure, but there is obvious jump in the high-pressure stage, and it has the characteristics of large pore structure. MCFs adsorption average pore size is 13.44 nm, the average pore size of BJH adsorption is 19.62 nm, the average pore size of BJH desorption is 11.19 nm. The BJH adsorption cumulative pore volume is 1.947 cm 3 /g, BJH desorption cumulative pore volume is 2.039 cm 3 /g, and the BET surface area is 508.9 cm 2 /g.
Optimization of adsorption conditions
Effect of pH on the adsorption of eosin Y
The pH of the solution is an important key factor in the adsorption process, because it affects the existence form of functional groups on the surface of adsorbent, and also affects the existence morphology and solubility of dye molecules in aqueous solution. Figure 6 shows the relationship curve between pH value and adsorption rate, adsorption capacity of eosin Y. It can be seen from the figure that when pH is 1.0-2.0, the adsorption rate and adsorption capacity of eosin Y show an upward trend with the increase of pH value. When the pH value is 2.0, both the adsorption rate and the adsorption capacity reach the maxima, the adsorption rate reaches 97.95%, and the adsorption capacity reaches 3.96 mg/g. It was shown that the adsorption of eosin Y is the best under acidic relatively strong conditions. With the increase of pH value, the adsorption rate and adsorption capacity of eosin Y showed a decreasing trend. The following experiments were performed under the condition of pH 2. Under the condition of this acidity, protonation of the mesocellular foam silica can be easily carried out and the -OH 2 + of the prontonated mesocellular foam silica can easily combine with the O= bond in the eosin Y. Therefore, the sorption was more favorable. Figure 7 shows the relation curves of the sorbent dosage and eosin Y adsorption rate and adsorption capacity. It can be seen from the figure that with the increase of MCFs amount, eosin Y adsorption efficiency increased gradually. This is because with the increase of the sorbent dosage it leads to the larger adsorption surface area and more absorbing sites. When the amount of MCFs reached 0.02 g, the adsorption rate reached the maximum value. After this with the increase of adsorbent dosage, the adsorption rate decreased to some extent. The adsorption capacity gradually decreased with the dosage of MCFs over 0.02-0.08 g, so the optimum adsorbent dosage was selected to be 0.02 g. The initial dye concentration provides a driving force to overcome the resistance to dye mass migration between the aqueous solution and the solid phase, increasing the initial dye concentration also can increase the interaction between the adsorbent and the dye. Figure 8 shows the initial concentration of eosin Y and its adsorption rate and adsorption capacity relationship curves. From the figure, it can be seen that the adsorption rate and adsorption capacity increases with increase in the initial concentration of eosin Y and a maximum value was reached at 8 μg/ml. The optimum initial concentration of eosin Y was selected to be 8 μg/ml, the adsorption rate reached 97.95% and the adsorption capacity reached 3.96 mg/g. Figure 9 shows a curve of contact time and eosin Y adsorption rate and adsorption capacity. It can be seen that with the increase of the contact time, the adsorption rate and adsorption capacity of eosin Y showed a rising trend. At 10 min, the adsorption effect was achieved the best. In the initial stage, as the high concentration gradient contributes to the generation of driving force. With the increase of time, the concentration gradient decreases, until equilibrium is reached. This is the reason after the specific time interval that the adsorption rate maintains the stability. In the initial stage, due to the high concentration gradient contributes to the generation of driving force; with the increase of time, the concentration gradient decreases, until an equilibrium is reached; this is the specific time interval, the adsorption rate to maintain the stability of the reason.
Effect of adsorbent dosage and initial concentration of eosin Y
Effect of contact time on adsorption of eosin Y
The adsorption process can be divided into three stages: the rapid adsorption stage within 2 min before the reaction, the slow adsorption of 2-10 min and the equilibrium adsorption process after 10 min. In the initial stage of adsorption, dye molecules rapidly diffuse on adsorbent surface to from the solution by mass transfer. Then, because many active functional groups on the surface of adsorbent have already been occupied by dye molecules, so the dye molecules slowly diffuse from boundary layer into the adsorbent surface and its inner part, and finally the adsorption dynamic equilibrium is achieved. Therefore, the optimum time for SBA-15 adsorption to eosin Y was determined to be 10 min. Figure 10 shows the relationship curve between temperature and adsorption rate and adsorption capacity of eosin Y. With the increase of temperature (22-40 °C), the adsorption rate and adsorption capacity of eosin Y decrease gradually, which indicates that the adsorption is exothermic. The adsorption experiments were selected to be carried out at room temperature of 22 ± 1 °C. Figure 11 shows the effect of ionic strength on the adsorption impact of eosin Y. As can be seen from the diagram, the adsorption rate and adsorption capacity of eosin Y show a downward trend with increasing NaCl concentration, i.e., ionic strength. This suggests that increasing ionic strength is detrimental to the present adsorption. In making the actual adsorption experiment, no NaCl was added.
Effect of temperature on adsorption of eosin Y
Effect of ionic strength on adsorption of eosin Y
The adsorption conditions of adsorption of eosin Y by MCFs were optimized and the optimum conditions of adsorption were obtained as follows: MCFs:(eosin Y) = 250:1, pH 2.0, room temperature 22 ± 1 °C, contact time of 10 min. Under this condition, the adsorption was the best. The adsorption rate reached 97.95%, the adsorption capacity reached 3.96 mg/g.
Adsorption isotherm
The Langmuir isothermal adsorption equation of is as follows [20] :
(3) c e ∕q e = c e ∕q m + 1∕(bq m ). In the formula, q e is the equilibrium adsorption capacity (mg/g); c e is the mass concentration at the time of adsorption equilibrium (mg/l); q m is the maximum saturated adsorption capacity (mg/g); b is the Langmuir constant. The data are fitted by plotting c e /q e vs. c e to obtain corresponding parameters.
The Freundlich isothermal adsorption equation is as follows [21] :
In the formula, q e is the equilibrium adsorption capacity (mg/g); c e is the mass concentration at the time of adsorption equilibrium (mg/l); both k and n are isothermal (4) lgq e = lgk + (1∕n)lgc e . equation constant. The data are fitted by plotting lgq e vs. lgc e to obtain corresponding parameters.
In this paper, the Langmuir and Freundlich isothermal adsorption fittings are carried on, the results obtained are shown in Figs. 12 and 13 and the parameters of the corresponding linear fitting equations are shown in Tables 1  and 2 . It can be seen that effect of the Langmuir adsorption isotherm equation was better, ahead of the linear fitting of the Freundlich isothermal adsorption equation. All the linear correlation coefficients of the Langmuir isotherm equation fitting, R 2 , were greater than 0.999. The experimental adsorption capacity (3.96 mg/g) is close to the theoretical calculated value (4.00 mg/g). The above-stated results illustrate that the Langmuir isothermal adsorption equation established according to the single molecular 
Adsorption kinetics
In this study, the adsorption kinetic model commonly used at present, which is the pseudo-first-order kinetic and pseudosecond-order kinetic adsorption rate model, is adopted. The rate of solute adsorbed by adsorbent is mainly described and the adsorption mechanism of eosin Y by MCFs is investigated.
The pseudo-first-order kinetic model is [22] The pseudo-second-order kinetic model formula is [23] In the formula, q e is the equilibrium mass concentration of adsorption (mg/g); q t (mg/g) is the amount of adsorption at the time t; t is time (min); k 1 (1/min) is the pseudo-firstorder rate constant; k 2 [g/(mg min)] is the pseudo-secondorder adsorption rate constant.
The fitting curves of pseudo-first-order and pseudosecond-order kinetic models of adsorption of eosin Y by MCFs are shown in Figs. 14 and 15 . The related parameters of regression equation of fitting curve of adsorption system are shown in Table 3 . According to the above figures, the correlation coefficient of the pseudo-first-order kinetic equation calculated is R 2 = 0.8064. The adsorption capacity obtained is q e = 2.33 mg/g, which is quite different from the experimentally obtained adsorption capacity. The correlation coefficient of the pseudo-second-order kinetic equation, R 2 = 0.9996, the adsorption capacity q e = 3.95 mg/g, which (5) lg(q e − q t ) = lgq e − k 1 t∕2.303.
(6) t∕q t = 1∕(k 2 q 2 e ) + t∕q e . is consistent with experimentally obtained adsorption capacity (q e = 3.96 mg/g) data. Therefore, the process of MCFs adsorption to eosin Y belongs to a pseudo-second-order kinetic model.
Thermodynamic study of adsorption
The thermodynamic parameters of the adsorption process can be calculated by the following formula [24] :
In the formula, K c is the equilibrium constant, q e is the adsorption capacity at the time of equilibrium (mg/g), C e is the adsorbate concentration at the time of equilibrium (mg/ ml), ΔG 0 (kJ/mol) is Gibbs free energy change value for the adsorption process; T is the absolute temperature (K), R = 8.314 J mol −1 K −1 is the gas constant. ΔH 0 (kJ/mol) is enthalpy change value of the adsorption process; ΔS 0 (J/ mol K) is entropy change value of the adsorption process.
The adsorption thermodynamic regression curve of this adsorption system is shown in Fig. 16 . The following regression equations were obtained by calculation: ln(q e /C e ) = 4820.6/T − 6.159, with a regression coefficient of R 2 = 0.9961 (R = 0.9980). The results of the Gibbs free energy change ΔG 0 calculated by the formula ΔG 0 = ΔH 0 − TΔS 0 are shown in Table 4 . According to the calculated ΔG 0 , it can be known that △G 0 < 0, the adsorption is in a spontaneous reaction. ΔH 0 = − 40.088 kJ/mol < 0 was calculated, indicating that the adsorption process is exothermic reaction. Entropy change ΔS 0 = − 51.11 J/(mol K) < 0, indicates that after MCFs adsorption eosin Y, the entropy of system is reduced, the degree of disorder is reduced and the ordered degree of material arrangement is increased. According to literature [24] , at the time of △G 0 = − 20 to − 80 kJ/mol, the adsorption reaction is simultaneously accompanied by physical adsorption and chemical adsorption. Therefore, when temperature is 22-40 °C, the adsorption is simultaneously accompanied by physical adsorption and chemical adsorption.
Adsorption mechanism
The MCFs calcination process results in the formation of siloxane group on the surface of the mesoporous material and the electrostatic action produced by the dye on the MCFs surface adsorption gives rise to adsorption. At the time of adsorption, MCFs and eosin Y dye molecules produce electrostatic effects, the hydroxyl groups and oxygen bridges of the MCFs surface are used as the adsorption sites, and the hydroxyl groups on the surface of MCFs combine with the dye eosin Y through hydrogen bonds (Fig. 17 ). The infrared spectra ( Fig. 18 ) did not find that after MCFs adsorbed the dye molecules of eosin Y, a new adsorption band was formed, which indicated that eosin Y dye was adsorbed inside the MCFs molecular sieve channels. The adsorption was carried out on the pores of mesoporous material. The electrostatic effect was enhanced. 
Conclusions
In this study, the optimum adsorption conditions, thermodynamic and kinetic properties of adsorption as well as adsorption isotherm equations for the adsorption of eosin Y onto MCFs were studied using nano-mesoporous MCFs molecular sieve as adsorbent. The following conclusions were obtained:
1. The conditions of adsorption of eosin Y by MCFs were optimized and the optimized conditions of adsorption obtained are MCFs: (eosin Y) = 250:1, pH 2.0, room temperature 22 ± 1 °C, the contact time of 10 min. Under the conditions, the adsorption effect was the best and the adsorption rate reached 97.95%, the adsorption capacity reached 3.96 mg/g. 2. Adsorption kinetic studies showed that the adsorption of eosin Y by MCFs belongs to the pseudo-second-order kinetics. The thermodynamic research of adsorption showed that when the temperature is 22-60 °C, ΔG 0 < 0, the adsorption enthalpy change ΔH 0 = − 40.08 kJ/mol, the adsorption system is an exothermic one, the adsorption entropy change ΔS 0 = − 51.11 J/(mol K). 3. Through linear fitting results of the Langmuir and Freundlich isothermal adsorption equations, it was discovered that the Langmuir isotherm equation developed according to the single molecular layer adsorption model can better express the adsorption process.
